Objective-To investigate the production of the matrix metalloproteinase (MMP), collagenase (MMP-1), and its natural inhibitor, the tissue inhibitor of metalloproteinases (TIMP) by diseased human tendon samples in organ culture. 
inhibitor, the tissue inhibitor of metalloproteinases (TIMP) by diseased human tendon samples in organ culture. Methods-Portions of tendons were excised from the shoulders of patients undergoing shoulder surgery, classified as either proximal to the lesion (abnormal) or distal to the lesion (normal) according to their macroscopic appearance at surgery, and placed in organ culture for periods of up to 28 days. The release of collagenase and TIMP activity in the conditioned culture medium was measured. Results-Procollagenase and TIMP were both produced by all the tendon samples for an extended period of time. The levels of enzyme and inhibitor varied between patients, but in most of them TIMP levels were greater than collagenase levels. In one sample of calcified tendon, procollagenase levels were greater than those of TIMP. The mean level of collagenase produced by tendon proximal to Chronic tendon lesions are extremely common, but the underlying pathology and predisposing factors are poorly understood. These lesions usually occur in middle age without any single traumatic episode and are thought to be the result of overuse and repetitive microtrauma, which persistently reduce the ability of the tendon to repair itself. Consequently, investigations of the repair activities and functions of aging human tendon cells (tenocytes) are of central importance in understanding the pathology of such lesions.
Tendons allow muscles to initiate or limit movement-their role is relatively passive and their metabolism low. They are composed predominantly of type I collagen fibres, between which are found low numbers of elongated fibroblasts, the tenocytes, that are responsible for the maintenance of the health of the tissue. 1
Tendon repair after trauma, as in other connective tissues, involves a sequence of overlapping phases of cellular activity characteristic of wound healing.2 An inflammatory phase associated with oedema and cellular infiltration is followed by a fibroproliferative phase of synthetic activity by tissue fibroblasts, followed by a remodelling phase in which the scar tissue is replaced by normal tissue. However, the precise mechanisms and cell types involved in tendon repair are unclear and it is not known whether the repaired (scar) tissue can ever return to the structural and functional integrity of the original tendon. Studies of equine tendons, for example, have shown the persistence of an abnormal collagen composition (up to 30% type III collagen) for many months and even years after acute tendon injury.3
Early studies of tendon healing suggested that tendon repair was dependent on the ingrowth of fibroblasts from surrounding tissues and that tendon fibroblasts were not involved. We have shown that rotator cuff tendons affected by chronic tendon disease have an altered matrix composition, including a reduced total collagen concentration and a significantly increased proportion of type III collagen." 12 Changes in collagen composition were also detected in 17% (10/60) of macroscopically normal supraspinatus tendons before tendon rupture, suggesting an altered pattern of collagen synthesis and turnover, possibly as a result of a defective or slow repair response in the aging tissue, which may predispose to chronic disease and tendon rupture.
The remodelling and repair of collagen in connective tissues is a poorly understood process which involves both new collagen synthesis and the limited destruction (turnover) of collagen fibres, to weave new collagen into the existing tendon fibre structure. ' nective tissue. The best known of these is collagenase, an enzyme first described in the resorbing tadpole tail,'5 but subsequently shown to be synthesised by any connective tissue fibroblast. In addition, to control the local activity of activated proteinases, the same cells produce a specific proteinaceous inhibitor (tissue inhibitor of metalloproteinases (TIMP)) that binds to the enzyme and prevents degradation.'6 These enzymes and their inhibitors are believed to be involved in a large variety of both physiological and pathological conditions in which connective tissue turnover occurs. 17 In this study we have examined aging human tendons removed from patients with chronic tendon disease in order to determine whether the turnover of collagen in these tendons is related to the synthesis of collagenase and if this activity is limited by the production of TIMP.
Materials and methods

PATIENT SAMPLES
Eighteen patients presented for surgery with a variety of conditions requiring shoulder surgery (table). Twenty one biopsy specimens, including eight subscapularis and 13 supraspinatus tendons, were collected. Eleven specimens were obtained either from sites distant from the tendon lesion (for example a degenerative tear), or from patients with recurrent dislocations or shoulder instability. These specimens had a macroscopically normal appearance and were described as 'normal'. Ten specimens were taken from sites adjacent to the tendon lesion, had a macroscopically abnormal appearance, and were described as 'abnormal': four specimens came from acute tendon ruptures, four from cases of chronic degenerative tears, one from calcifying tendinitis, and one from a patient with rheumatoid arthritis requiring total shoulder replacement. Three Concentrated medium containing high levels of collagenase (obtained from patient 15 on day 6) was treated at room temperature for 15 minutes with 50 ,ug/ml trypsin and the activation stopped by the addition of a fivefold excess of soyabean trypsin inhibitor. The activated medium was added to an equal volume of a 1 mg/ml collagen solution in 100 mmolIl Tris/hydrochloric acid buffer pH 7-6 containing 10 mmol/l calcium chloride and 1 mol/l glucose alone or in the presence of 5 mmol/l 1.1 0-phenanthroline. After incubation for 24 hours at room temperature, the samples were separated on a 7.5% SDS-PAGE gel and stained with Coomassie Brilliant Blue. In general, the levels of TIMP exceeded those of collagenase throughout the assay period. Figure 1A illustrates the results obtained for a tendon sample taken from a degenerate portion of subscapularis tendon. TIMP levels are higher than the corresponding collagenase values; should the collagenase be activated in the culture supernatant, there appears to be sufficient TIMP to prevent activity. A similar picture of TIMP and collagenase secretion was found in a sample of tissue that appeared macroscopically normal taken from the same patient but away from the tear (fig 1B) . Figure 1 C and D illustrate the results obtained from tendon taken from another patient but in two different regions of the tendon: figure 1 C shows low levels of TIMP produced by an area of central tendon (described as an area of attrition) where almost equimolar concentrations of collagenase and TIMP are produced, while figure 1D shows the levels of collagenase and TIMP produced from an area of tendon close to the muscle end where much higher levels of TIMP were produced. The greater amounts of TIMP produced by this latter tissue showed a large variability apparently caused by some tissue segments producing high levels of TIMP while others produced low levels. When all the results for TIMP and collagenase were compared, TIMP levels (mean 94 7 (66 8) U/g) were generally greater than those of collagenase (mean 32-9 (48-0) U/g) (data not shown). Only relatively few samples had greater amounts of collagenase than of TIMP; in figure 2, these are the eight samples to the left of the line representing the molar equivalence point for TIMP and collagenase. Interestingly, several of these samples were from a single patient with calcific tendinitis; figure 3 illustrates the time course of changes in the levels of collagenase and TIMP measured in the culture supernatants taken from this patient. When the levels of collagenase and TIMP measured in the day 3 supernatants were compared for all the tendon samples, divided into 'normal' tendon, and diseased/'abnormal' tendon, both TIMP and collagenase were present in greater amounts in the normal tendon samples (fig 4) : mean values for TIMP were 109-7 (6213) U/g in normal tissue and 53 0 (27 9) U/g in diseased tissue (p < 0 05); corresponding figures for collagenase were 95-2 (106&8) U/g in normal tissue and 34 0 (45 3) U/g in diseased tendon (not significant).
The collagenolytic activity detected in the medium was confirmed as the metalloproteinase collagenase by the activation with trypsin, incubation with collagen, and separation by SDS-PAGE; the cleavage of collagen into 3/4 and 1/4 fragments was clearly seen (fig 5) . The cleavage was inhibited by the metalloproteinase inhibitor 1. 1 0-phenanthroline, which confirmed the presence of fibroblast collagenase (MMP-1). In addition, Western blotting of the unactivated medium by SDS-PAGE and transfer to nitrocellulose showed that the majority of the collagenase was in the procollagenase form (Mr-55 000) and was detected at Mr-55 000, whilst a small amount of active collagenase was detected at Mr"45 000, confirming that the collagenolytic activity detected was attributable to the fibroblast collagenase (MMP-1) (fig 6) .
Discussion
Although previous studies have examined the ability of tendon to repair after injury,2 5 Normal Abnormal Figure 4 Comparison of the levels ofcollagenase and tissue inhibitor of metafloproteinases (TIMP) in the culture medium at day 3 specifically cleaves collagen to give 1/4-3/4 products, it is likely that this enzyme is involved in this process. The synthesis of TIMP and collagenase identified in this study indicates that the tissue is able actively to repair and degrade collagen within the tissue before resynthesis of collagen. In this study, most tendons produced a molar excess of TIMP compared with collagenase. Most of the collagenase was in a proenzyme form; that is, it would require activation before it could digest collagen. If all of the collagenase was activated, TIMP would still be present in excess in most of the media samples collected. However, other metalloproteinases may be present in the culture medium and, once activated, these additional enzymes could also bind TIMP, allowing connective tissue proteins to be degraded by active metalloproteinases when present in excess. The measurement of the biological activity of individual enzymes can therefore be misleading, and future work will characterise the culture medium to examine if gelatinases and stromelysins are present. An alternative to the biological assays are immunological assays which can measure the total amount of any enzyme or inhibitor present: thus measurement of TIMP would measure free TIMP (still biologically active), but would not distinguish it from TIMP complexed to any matrix metalloproteinases. The assays used in this study can give information on the ability of a tissue for collagen turnover, as they measured biological activity.
The division of the tendon samples into two groups was somewhat arbitrary. All 
